ABSTRACT: Field studies, in particular mobile metal ion analysis of soil samples taken over mineralization, suggest that subtle geochemical anomalies exist above mineral deposits which are demonstrably covered by allochthonous material such as glacial till. Empirical observations suggest that the anomalies are preferentially located 10 to 25 cm below the soil interface, comprise elements contained in ore, and are located directly above the mineralizing source. Laboratory experiments suggest that capillary rise and evaporation play an important part in determining the position of emplacement of ions in the soil profile: in nature, root-zone transpiration also plays a part in solute deposition/adsorption within the evapo-transpiration zone. The effects of downward-percolating water after rainfall events, as well as the upward force of capillary rise, are considered in a model which explains many of the features of ion emplacement in soils. Laboratory modelling also suggests that convection, perhaps due to the heat produced by oxidation of the deposit, may in some cases provide a mechanism for rapid ascension of ions beneath the water table.
INTRODUCTION
Empirical observations, particularly those using high resolution soil geochemistry as an analytical tool, suggest that soil geochemical anomalies over mineralization are dynamic, and are maintained by an ascending supply of ions from source (Mann et al. 1998) . This has been made particularly evident in areas of exotic overburden, such as palaeochannels of ancient drainage systems in Western Australia, and the till-covered areas of Canada (Hamilton et al. 2001) .
Despite the observations, there is not yet a cogent explanation or definitive theory for the underlying process. Such a theory must account for vertical migration both beneath and above the water table, at least in the two particular environments cited above. A number of suggestions have been made. Malmqvist & Kristiansson (1984) suggested a mechanism by which ionic material was swept upwards by carrier gases such as nitrogen and carbon dioxide. A gaseous model in which ions were hydrophyllically attached to gas bubbles beneath the water table was preferred (Mann et al. 1995) after a number of mechanisms were investigated. Russian workers (e.g. Goldberg 1998 ) have for a number of years suggested the presence of a class of 'fast ions' since chemical diffusion in general is discounted by most workers as being too slow. Smee (1998) pointed out that hydrogen ions may diffuse fast enough to be involved in the chemical redistribution which occurs in the alteration plumes above both mineral and hydrocarbon deposits but concedes that in the case of gold deposits in Nevada 'pH alone does not explain the patterns seen over mineralization'.
Electrochemical theories have been proposed (Sato & Mooney 1960; Govett 1973) and there is little doubt that electrochemical effects are present around some deposits, but whether these are a universal cause or an effect of ionic migration is in question. Seismic pumping is thought to be important (Cameron & Leybourne 2001) in arid environments. Capillary rise has been suggested (Mann et al. 1997) as an important process in the distribution and redistribution of ions in the near-surface environment (i.e. above the water table) in arid and non-arid environments. One aim of this paper is to introduce the possibility of convection as a mechanism for upward ionic migration below the water table. Another is to demonstrate the importance of capillary rise and evaporation in determining the location of ionic emplacement in the soil profile; this is also important in determining the optimum sampling position for high resolution (partial extraction) geochemical techniques in soils. Much of the work described herein is based on soil geochemistry results from the mobile metal ion (MMI) technique. This technique is described in an earlier publication (Mann et al. 1998) .
located 25 km south of Coolgardie, in a semi-arid part of Western Australia (Hadfield 2003) .
During the course of extensive MMI surveys at Nepean (Mann et al. 1995) , several costeans (trenches) were dug, which allowed the distribution of base and precious metals in vertical profiles to be examined. Response ratios were calculated to allow relative element concentrations to be plotted on a single graph for ease of comparison; in all cases the lowest quartile was used to establish a background value for each element. This value was used as the denominator to obtain a response ratio for each element value at each depth. Figure 1 shows both the MMI results and the soil petrography in 30-cm intervals, to a depth of 2.7 m from one of these costeans.
The petrography indicates the soil profile to consist predominantly of quartz and clay, with carbonate hardpan (calcrete) occurring in the profile between 0.6 m and 1.8 m, and lithic fragments below 2.4 m. The MMI results show that Au and Pb report over a wide range of depths in the profile. Elements such as Ag, Ni and Cu show high concentrations only in the top 30 cm. Most significantly from a sampling viewpoint, all elements report significant concentrations of 'mobile ions' in the top 30 cm of the profile.
Hunt transect, Assean Lake, Manitoba, Canada
The MMI analysis technique has been used extensively in exploration in the Assean Lake area, Manitoba, Canada (Fedikow & Ziehlke 1998) . Correct sampling and application of the technique has led to the discovery of a new gold deposit the 'Hunt Gold Zone' and the appreciation of a previously unrecognized gold camp. Vertical sampling profiles in an orientation program were used to establish the correct depth for sampling. An example of such an orientation is shown in Figure 2 .
This vertical profile provides detailed information for the very top of the true soil profile. In this case 0 cm was defined as the interface between the overlying living peat and the 'sooty' well-decomposed humus of 'bona fide' soil. All elements are well represented in the sample 20 cm below the interface; there is a relatively depleted zone at 10 cm, and concentrations of mobile ions decrease from 20 cm, to 30 cm, to 40 cm. There is clearly an optimum sampling depth.
Cross Lake, Abitibi Belt, Ontario, Canada Two separate phases of the CAMIRO Deep Penetrating Geochemistry project have investigated the behaviour of a number of partial and selective digests, partial extractions, and aqua regia analyses on soils collected over the Cross Lake VMS deposit in the Abitibi Belt, Ontario, Canada (Hamilton et al. 2001) . In the first survey, samples for the MMI analysis were collected at a fixed depth of 10 to 25 cm below the base of decomposing vegetation (actual depth from surface 20 to 35 cm) following MMI sampling instructions. For all other techniques, B-horizon samples at depths from 25 to 50 cm from surface were taken following protocols considered standard practice for exploration programmes in glaciated terrains (Levinson 1980) , based on sampling the same soil horizon at varying depths. The MMI response from line 40W, from the first survey is shown in Figure 3a .
On line 40W, the overburden consists of 35 m of lacustrine clay, till, and near the surface, fine sand. Mineralization, the lateral extent of which is marked on the figure, is at a depth of 35 m on this line. The central MMI Zn anomaly directly overlies the mineralization. In Figure 3b , analyses subsequent to the aqua regia digest of B-horizon material are shown. The anomaly over mineralization is extremely weakly represented in this case. The conclusions drawn (Hamilton et al. 2001) were (a) that MMI was the only technique to show significant response, and (b) since the MMI technique stipulated a (shallower, constant) sampling depth, repeating the sampling and analysis exercise at the shallower, constant depth could be beneficial to other techniques. This was carried out in the second phase of the CAMIRO programme and some of the other partial and selective weak digestions produced significant anomalies; interestingly aqua regia on humus did not show contrast. It was also shown in this follow-up exercise that MMI resolution was not as significant when samples were taken from a lower depth than originally specified.
A weak partial extraction such as MMI, when performed on soils taken from the correct horizon, has the ability to discriminate against metal derived from spurious sources (Mann et al. 1998) , whilst total digestion and strong partial digestions such as aqua regia do not. This is a fact now supported by Pb isotope analysis . This work shows that not only might we expect the elements present in ore to be best represented in apical anomalies, but also that vertical ascension of ions must take place.
Soil pore waters
Weak partial extractions are designed to remove weakly adsorbed ions attached to soil particles. As such they provide an integrated measure of the ionic mobility in a soil over recent time, but not necessarily a measure of the concentrations of ions in soil pore water. To obtain a measure of the (lower) concentrations likely to be present in soils after a rainfall event, it is necessary to perform an extraction with deionized water. Twenty-four-hour extractions with deionized water have been carried out on a number of soils located near mineralization in Australia (Mann et al. 1995 (Mann et al. , 1997 . Whilst the analytical reproducibility for very weak extractions such as this is not good, the data do provide a valuable insight into soil pore-water processes. A summary of the results is shown in Table 1 . The data indicate firstly, that at the levels provided by modern-day instrumentation, all metals have readily measurable ionic concentrations in many soils, i.e. ionic remobilization of metals is an active on-going process in most soils. Secondly, elements normally considered immobile, such as chromium, have measurable water-soluble concentrations. Thirdly, the highest concentrations of metal ions in soil pore-waters occur in the vicinity of ore-deposits of that metal.
These concentrations were measured after 50 ml/50 g extractions with water of soil samples. As such they represent concentrations lower than those likely to occur in nature. Percolating rainwater has intimate contact with large volumes (surface areas) of soil. After partial evaporation of the liquid, soil pore waters will have increasing concentrations of solutes, including salts and metal ions, available to be adsorbed and/or precipitated as the concentration increases. A number of simple experiments to gain information on that process have been conducted.
EXPERIMENTAL

Self-watering flower pot experiments
Commercially available self-watering flower pots provide an ideal method for investigating near-surface soil phenomena. These pots, constructed of plastic, comprise two parts, an upper chamber with a protruding neck that is filled with soil, and a lower water-filled basin into which this fits. The upper chamber of the pot is 10 cm in height and the diameter is 12 cm. These pots are designed to keep the soil moist by capillary rise through the soil in the neck. A diagrammatic representation is shown in Figure 4 .
In the first experiment the upper chamber was filled with washed silica sand, and the lower bowl with a 10 ppm concentration of Cu, Pb, and Cd. Ten-gram samples of the upper sand layer were taken every 3 to 7 days. The graph in Figure 5 shows the concentrations of Cu, Pb and Cd in 10 ml of MMI-A extractant after 24 hours contact, as a function of time. It is evident that measurable concentrations of all elements were generated after approximately one week. Metal concentrations reached a maximum after approximately seven weeks, and a plateau after this. Some analytical variation is evident; this is probably due to the large number of relatively small samples collected from the surface.
Similar results were obtained with MMI extractant B, from pots in which Au, Ag, Ni and Co migrated upwards from the solution reservoir (Mann et al. 1997) . Additional experiments in which calcium carbonate layers were sandwiched within the sand column prolonged the initial arrival time of base metal ions, and decreased their absolute magnitude at the sand Mann et al. (1995 Mann et al. ( , 1997 surface. Pots of white sand, into which 1-cm layers of geochemically anomalous ferruginous soils were inserted, showed metal signatures and iron-stained surfaces after water was added to the lower well of the pot. Attempts to destroy these surface anomalies by adding water to the surface were unsuccessful. The (small) soluble component was recycled and redeposited near surface by evaporative processes within days.
Evaporation and recycling experiments
A number of experiments were executed to examine the effect of surface evaporation on soil pore-water-containing solutes. In most cases blue dye was used to obtain a visual record of the process. In the initial experiments (Mann et al. 1997) clear acrylic tubes 45 mm in diameter were used to investigate fluid infiltration and solute adsorption/precipitation. Volumes of dyecoloured fluid were calculated from the diameter of the acrylic tubes to mimic rainfall events of 10 mm, 25 mm and 50 mm. Blue dye solution was added to tubes containing three different, clean aeolian sands. The tubes were then allowed to dry over a period of several weeks. As shown in Table 2 , the depth of penetration varied in proportion to the amount of solution introduced, with minor but systematic variation according to the grade and type of sand. It is evident small rainfall events (less than 10 mm) do not penetrate to the depths (10-25 cm) in soil shown by the orientation surveys to be optimum for sampling. More significant rainfall events are required to penetrate into and below soil sampling depths. Table 2 also shows that for these cases, the volume ratio of soil to pore water is close to, or in excess of, ten. Importantly, irrespective of the depth of penetration, the zone of maximum dye intensity at the end of the experiment was observed to be in a similar position in each tube, c. 1 cm below the surface.
In other experiments, ferrous sulphate and copper sulphate were used to confirm that the process applies to ions as well as a solute such as dye. In each case similar observations were made, although in the case of Fe, the change of oxidation state must be kept in mind. The conversion of ferrous to ferric requires the presence of oxygen. The ingress of oxygen into the soil from above is in this case an additional factor that does not necessarily guarantee that the visually obvious Fe precipitation front is always coincident with the zone of adsorption/ precipitation of solutes, which is dependent on solution concentration.
In all of these experiments, when the surface is examined, it is clear that there is a very sharp moisture gradient downward, from dry at the surface to moist beneath. Laboratory experiments incorporating transpiration have not been carried out to date. Integrated energy and water balance models (Zhang & Dawes 1998) suggest that transpiration can account for c. 50% of the water loss from a soil. In this case the water is effectively removed from lower in the profile and pumped into the atmosphere. It is contended that this will have an important modifying effect on solute adsorption and deposition, promoting it lower in the soil profile, and closer to where the field case studies show it to be occurring. This position appears to be at a similar depth for soils in boreal environments (e.g. at Assean Lake; Fig. 2) as it is in semi-arid environments. If the top of the decaying/humified organic matter is used as a datum in boreal environments, there is similarity between the sampling positions in soils with and without overlying organic layers, as shown in Figure 6a and b. Both zones of solute deposition are close to the soil-air interface, located in the evapo-transpiration zone, beneath that interface, effectively at the point where water is removed from the profile.
By analogy with the deposition of dye in the evaporation and recycling experiments, it is contended that ions in soil porewaters (Table 1 ) are concentrated and redeposited in a recycling process that occurs after every rainfall event. Meteorological data from 77 Australian sites (Mann et al. 1997) distributed over a wide range of climatic settings were used to examine the relative importance of rainfall and evaporation from wet to dry climates. It might be expected for a process dominated by evapo-transpiration, that recycling and deposition of ionic solutes would be favoured in desert and semi-desert areas with high potential evaporation. These areas have infrequent, episodic large rainfall events; water penetration is deep into the profile, followed by long periods of inactivity. The meteorological data showed that coastal, wetter areas, with frequent smaller rainfall events had greater recycling of soil pore-water, because the process is dependent on rainfall and actual evaporation, not potential evaporation. Monthly moisture excess and deficit calculations showed that in winter months most soils have an excess of rainfall over evaporation, but for at least several months of the year soils in most locations exhibit a moisture deficit, i.e. soils dry out. The overall effect is to produce compensating effects as far as solute recycling is concerned; the process occurs very frequently in wet areas, and less often but very efficiently in dry areas, explaining why soil anomalies of similar magnitude and depth location are found across a wide climate range. A soil that receives repeated small amounts of rainfall provides as great an opportunity for dissolution, recycling and redeposition of solutes (including ions) as a soil in an arid environment in which water is present only rarely but penetrates deeply into the profile.
Modelling tank experiments
A particularly instructive experiment which demonstrated the importance of capillary rise above the water table was designed initially to investigate the potential importance of heat and convection below the water table. A glass-sided tank, with dimensions 25 cm 25 cm with parallel glass sides c. 3.5 cm apart, was used. The tank was filled with clean water-washed silica sand. The sand was saturated with water to within 5 cm of the surface and the water table marked. To the left centre of the tank, a light bulb attached to a rheostat was inserted. Independently, two thermocouple wires were inserted, one near the bulb, to measure the applied temperature differential generated. The rheostat was adjusted to provide a temperature difference of 1 C. Blue dye was then injected via a syringe and tube, to the very bottom of the tank. The experimental set-up is shown in Figure 7a .
The blue dye initially remains along the bottom of the tank; chemical diffusion is relatively slow. However, 5 days after application of the 1 C differential (Fig. 7b) , the density above the bulb is lowered, and dye in this vicinity ascends. Figure 7c shows the situation after 7 days, at which time the rheostat was turned off. Some weeks later when the tank was examined (Fig.  7d) , not only had chemical diffusion caused the dissemination of blue dye below the water table, but an imprint of blue dye was apparent above the water table, c.1 cm below the surface and directly above the position after 7 days when the rheostat was turned off.
This modelling tank experiment provides visual evidence for the transport of solute from beneath the water table, to an emplacement position just below the dry surface of the sand.
GEOCHEMICAL PROCESS MODELS
Capillary rise and evaporation model Hillel & van Bavel (1976) produced a very simple simulation model for profile water storage as related to soil hydraulic properties. Elegant pictorial representations of this model were provided by Greacen & Williams (1983) . As a result they were able to show that for a given 'slug' of rainfall, infiltration is greater and evaporation rate smaller (i.e. water stays in the profile longer) in a sand profile, than for loam or clay. This type of model can be used to develop a simple qualitative model for solute cycling and solute adsorption/deposition, during and subsequent to a rainfall event. Figure 8 shows the major steps in this process of evaporative recycling and emplacement model.
Consider a slug of water entering the soil profile (Fig. 8a ) after a rainfall event in a geochemically anomalous soil zone. Further, let us assume a number of more mobile (e.g. Zn, Cd and Ag) and less mobile elements (e.g. Pb and Au) are present, with bound, adsorbed and water-soluble forms of each. The water slug will proceed downwards (see Table 2 ), under the influence of gravity, filling voids in the soil profile and dissolving a small percentage of the water-soluble forms of each element. The data in Table 1 indicate that this will result in significant ionic concentrations of elements in the pore water. Downward percolation and dissolution proceeds until the pull of gravity is equalled by the surface tension, (Fig. 8b) . At this point evaporation, working on the upper surface of the water slug, and transpiration within the slug, starts to diminish the volume of the slug, which contracts. The solute concentration increases, and elements adsorb strongly and precipitate (Fig. 8c) in the evapo-transpiration zone (Mann et al. 1997) . Towards the end of the process even the more mobile (soluble) ions are close to their solubility limit and the upper part of the evapo-transpiration zone (Fig. 8d) will contain a representative signature of all elements, as evidenced in Figures 1 and 2 .
In wet climates, the above process might be slightly different in that the profile may be more or less continuously moist. In this case selective removal of water and exclusion of solutes by plant roots may occur, with a net result of adsorption/deposition of ions near the root interfaces within the moist evapo-transpiration zone. This process has been documented in the case of silica (Gilkes 1998) .
Convection model
Several limitations of the tank experiment, in which convective modelling was carried out (Fig. 7) , have to be recognized. Firstly, the tank was approximately equi-dimensional in vertical section. In nature, the depth of the weathering front is commonly in the order of tens to hundreds of metres, whilst the lateral extent of a natural landscape catena is hundreds to thousands of metres. Convective cells in nature would be required to have only a relatively small vertical component compared to lateral extent. Secondly, the glass tank is relatively narrow, and in a laboratory environment the absolute rate of evaporation is relatively low compared to a natural environment, in which not only wind but also the effects of transpiration have a profound influence. Thirdly, the permeability of the material chosen, silica sand, is high compared to that found in nature. Against this is the fact that in nature, geological time is available in which to affect phenomena: in the (minimum) case of glacial-till-covered areas it is 8000 to 10 000 years (e.g. Smee 2003) .
A potential source of temperature difference over or around a mineral deposit is the differential rate of weathering. Zones enriched in sulphide, for example, are known to weather at a greater rate than those which are not enriched. Most weathering reactions are exothermic. The oxidation of zinc sulphide to zinc ions and sulphate ions produces 190 kilocalories per mole. One gram of zinc sulphide undergoing this reaction produces enough heat to lift the temperature of nearly two litres of water by 1 C. Coincidentally, this is of the order of magnitude of the temperature difference measured over mineralization at Cross Lake (Hamilton et al. 2001) .
Combined model
An overall model, incorporating convective transfer beneath the water table, and capillary rise, is shown in Figure 9 . In the depiction of this model, we have chosen to use the reaction cited above -the breakdown of zinc sulphide. In reality this could be any exothermic reaction, including that for oxidation of pyrite, which is a likely source for accelerated weathering in the vicinity of gold deposits. Any weathering reaction which takes place in the vicinity of ore, at a greater rate than it occurs at the weathering front distant to the deposit, is a potential contender for heat generation. Any gases generated would also decrease the overall fluid density in the vicinity of ore, and therefore potentially provide a mechanism for convection and vertical ascent of ions or solutes.
DISCUSSION AND CONCLUSIONS
Capillary rise and evaporation
Capillary rise is a very common and ubiquitous phenomenon in many natural environments; it is considered to have a maximum height of approximately 0.15 m in coarse sand, 0.3 m in medium sand, 1 m in fine sand, 1 to 10 m in silt, 10 to 30 m in clay and to exceed 30 m only for colloidal size material (Jumikis 1967) . Capillary action, in which the effect of gravity is overcome by surface tension, occurs in both soils and rocks (Price 1985) . Soil profiles usually comprise one or more components of differing grain size; it is likely that true capillary rise is most applicable to cases where the water table is closer than 30 m to the ground surface.
A large amount of the water that is precipitated on the earth is returned to the atmosphere as vapour, through the combined actions of evaporation, transpiration and sublimation. The sun raises an average of 2.2 million tonnes of moisture annually from each square mile of the earth. In the USA it is estimated that of the annual precipitation of 30 inches, some 21 inches is returned to the atmosphere in evaporation, whilst 9 inches returns to the sea as run-off (De Wiest 1965) . Whilst it might be considered likely that evaporation plays a role only in arid and semi-arid regimes where potential evaporation exceeds rainfall, analysis of meteorological data for Australia (Mann et al. 1997) suggests that the evaporative recycling process in soils operates best when there is abundant water for recycling of soil solutes. It might also be anticipated that the evaporation-driven cycling mechanism in soils might not operate as efficiently in high latitude (altitude) regimes. Climate data (De Wiest 1965) suggest evaporation at high latitudes is still important, particularly where wind is available to assist evaporation. Iwata et al. (1994) suggest another, similar, mechanism which may also be a contributor in high latitude/altitude environments. Unfrozen water in frozen soils is thought to contain solutes with ions at higher concentrations than in normal pore water because ice does not normally contain solutes. Wyoming bentonites were reported to contain 43% unfrozen water at 5 C and 38% at 15 C (Iwata et al. 1994) . If this observation can be universally applied to frozen soils, removal of pure water by freezing may result in adsorption or precipitation of metal ions from concentrated pore waters at specific soil horizons in those soils in a very similar manner to those for which evaporation is the major water-removal mechanism.
The laboratory experiments have verified qualitatively but not quantitatively the field site observations. They have shown that solute emplacement is just below the soil surface, but not at the depths reported in the field. There are several probable reasons for this. Evaporation conditions in the laboratory are unlike those in the field where solar radiation, diurnal temperature fluctuations and the effect of wind play a major part. Undoubtedly, transpiration plays a vital role in natural systems in water loss from soils (Zhang & Dawes 1998) . The role it plays in determining the soil moisture regime may also be important in determining the depth of the evaporation front. The biological cycle may also play a part in promoting adsorption on preferred sites such as root surfaces (Gilkes 1998) . Organic matter adsorbs some metals strongly (Mann et al. 1998) , and the soil profiles optimal for sampling all contain abundant organic matter, even in the semi-arid regions of Australia. Live peat or poorly consolidated organic matter appears, however, to provide a less reproducible sampling medium than soil horizons comprising consolidated organic matter. A possible reason for this is provided by the current model; unconsolidated organic matter due to the wide variation in pore spaces may have less consistent capillary action, and greater evaporative variability. We have not attempted to model the effects of transpiration to date, but acknowledge the need for it to be done. It may also be one of the reasons why large differences in the position of the depth of the evaporation front in nature from location to location have not been observed, despite the differences in climate. It is also possible that transpiration and the ability of roots to selectively extract water from solutes even in a moist soil profile may minimize the effect of climatic differences. Hamilton et al. (2001) estimated vertical hydraulic conductivity at Cross Lake to be two orders of magnitude less than the horizontal hydraulic conductivity, and therefore too low for convective transfer to be a viable mechanism at that site. Whilst the assumption may be valid in principle for stratified glacial environments, it may not be as applicable to the anomalous zone at Cross Lake. The reducing column and anomaly formation at Cross Lake has developed over a period estimated to be 8000 years. It is doubtful whether assumptions and estimates of behaviour in 'normal' glacial environments can be extrapolated and applied to a zone where a number of physical and chemical parameters (temperature, piezometric surface, redox potential, and anomalous concentrations of a number of elements in soil extractions) all show it to be clearly an 'anomalous zone', with sharp vertical boundaries (Hamilton et al. 2001) . True rather than estimated vertical hydraulic conductivities are needed, before convective transfer is ruled out.
Convection
Whether or not the convective model is applicable ultimately depends on the rate at which convection occurs. Numerical modelling may be required to ascertain this. It is interesting, however, to observe that, since the geochemical anomalies at surface are sharp, then the rate of capillary rise mobilizing ions from the water table to near-surface, must be faster than (a) lateral dispersion/diffusion and (b) the process by which they arrive at the water table from source. Conversely, the rate at which ions are supplied to the water table must be slower than capillary rise and evaporation, yet faster than those causing lateral dispersion.
Combined theories
The convective cell capillary rise/evaporation model, as illustrated in Figures 7 and 9 , has been presented as a self-contained mechanism to explain the ascension of ions from a source at depth beneath a water table, to a position of emplacement just below the soil surface. It is likely, however, that no single model will operate across the wide range of geological environments in which imprints of mobile ions are found. Capillary rise may be considered by some to have limited vertical extent, and the model to be relevant only to 'wet' environments where the water table is within 20 to 30 m of the surface, such as the glacial environments herein described, and in salt lake environments. The effects of surface tension in soils and capillary rise will, however, be present in upper soil zones in arid and semi-arid zones after every rainfall event. Even in high watertable situations, chemical diffusion, particularly of hydrogen ions, is likely to occur, electrochemical effects are likely to be observed, and gaseous emanations, if present, will contribute positively to lowering solution densities and assisting vertical rise and convection. In drier climates, other models may well be dominant. Of interest, however, is the generality of the evaporative component of the model. Despite the wide range of climates over which, for example, MMI has been applied, similarities rather than large differences in the nature and emplacement position of the soil anomalies have been noted. The MMI technique was developed, and initial observations made in arid and semi-arid climate zones in Australia. Within Australia, similar observations were soon made in wetter areas such as western Tasmania. Initial application of the MMI technique to the B-horizon of soils in Canada, whilst promising, produced greater irreproducibility than had previously been observed. Whilst the lower absolute concentrations found, in general, in glacial overburden are a reason why geochemistry can prove difficult in this environment, it is attention to sampling depth which has proved to be the most important factor in improving the reproducibility of partial extraction geochemistry. In the case of MMI, sampling a fixed sampling depth (the evapo-transpiration zone) below the soil interface has been found to be preferable to attempting to sample any particular horizon based on visual appearance. Understanding the underlying process in the near-surface zone of soils has contributed to that finding. In a similar manner, improved understanding of the processes for vertical migration of ionic species below the water table will not only lead to increased acceptance of partial extraction geochemistry as an exploration tool, but will contribute to better deployment of programmes, execution of sampling protocols and interpretation of results.
